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Abstract , 


Hunt's aneory, of Pney ahs: motivation and the open education movement sug- 
gest. that stucent choice is an important wat sels in instruction. Piagetian 
theory sinphes izes the Inoortance of interactive experiences and exposure to 

| materlfals as opposed to direct instruction. bn this study, interactive free 
‘choice learning experiences are compared to and comb Inge with the lecture dem- 
Post iaeton approach. acs of both forms of ingeeuceten was to teach chil- 
dren. to. criticize and control experiments. 

The lecture demonstration approach without opportunities for free choice 
was superior to.free ‘choice alone or free choice combtned with the lecture 
demonstration approach in “teaching students to criticize experiments. Lec- 

es ' ture demonstration followed by free choice was superior to free choice fol- 
lowed By lactuee dnioant mibion: and to free choice combined wich lecture dem- 
onstration in teaching students to design controlled experiments. Results 
_ Suggest that ability, to criticize partments is a necessary condition for 
acquiring the ability to design controlled nsec tnanite 
ontrary to some of Piaget's statements and to recent research (Kuhn & 
me oa this study Suggests that instruction combined with exposure 
4 
to materials is more effective than -exposure alone in fostering ability tg 
criticize and control experiments. Results suggest that free choice is an 


effective instructional tool only after. students have some familiarity with 


i 
| 


| ’ 4 
the | goals of instruction. . That is, students who are able.to criticize exper-- 


° iments can learn to design controlled experiments from-a free choice program. 


| . | 
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“ ‘ ane Introduction . Ye 
pie suidahe participation in _decistons about their own instruct lon has been 
: of interest. to many Invest [gators : . Hunt (1965) in dkceribiing the role ‘of 
Be 


Intrinsic mot I'vation in fea valida proposed that the best person to determine 
the patch beteen task difficulty and .learner characteristics: would be the 

learner” hinsel f. Teachers who ‘report succeeding in circumstances which’ most 
adaceters describe as hopeless often cite student choice as their primary 


educat onal. tool (Holt, 1964; Daniels, 1971; Kohl, 1969). The open edy peas on 


movenent is: ois to a large” “extent, on student choice; but little rey arch 


justifies ‘thts sireeedune: 


children at selecting opt imum experiences (Hager 6 Clark, 1963; 


Fuentes, & BUEIS Note 1). sii contrast, Atkinson (1976) foyhd that”’ ‘com= 


history are better than, subject. selected Sequences. Several stidtes) suggest 


¢ 


4 that subjects “learn thore about snaterials that they choose (Dorsel, 19755 
“Clifford 1973). Even fot older ‘Subjects, performance on. some - such as 


Fa 
planning.a four-minute prose study session is.better when determinediby the 


- 


’ sa ’ § 
’ experimenter than when designed by the subject (e.g., Dorsel, 1975) ..4 The 
” hypothesis in this study Is that subjects are better at planning thelr own 
s learning experiences when they understand the demands af the task. ess 


perforniance. is better for more experienced subjects and for familiar as 


‘ 


" opposed to unfamiliar tasien, 


Plaget has popularized, the notion that certain types of learning are 


° 


"not amenable to direct instruction. Piaget has émphas ized the importance of 


exposure to materials-rather than direct instruction. He says (1970): 
Z ; ° ; e? 


Interest is nothing other than the dynamic aspect of 


assimilation, - « « When the active school requires 
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puter assisted drill sequences hased on perfect’ memory for the adult subject! Z 


_ling variables, Piaget said, "lt would be completely useless, the child must 


that students' effort should come from the student 


} himself instead of being Imposed... it is stmply 
asking that the laws of all intelllgence should be 
_ respected. (P. 158) . 


Commenting on the effectiveness of a classroom demonstration of control- 


| 


\ 


‘discover it for himself.'' .(Quoted by Hall, 1970) Piaget clearly believes 
) ae . 


' that direct experience is important in learning. 


‘Research on the sdvantades of direct instruction as opposed to expesiire - 
to materials [s controversial. Several researchers have demonstrated shia 
exposure can be effective (e.g., Morf, snedsiaa Vinh-Bang, & Wohlwil1, 7 
1959; ‘Kubin & Angelev, 1976). In addition, Kuhn and Angelev suggest that 


exposure is more successful than demonstration, yet the demonstration was 


“In addition to the exposure. Thus, it appears that the demonstration actually 


hindered performance, a possible explanation for this result is discussed 


below. A number of studies have demonstrated that student progress Is no 


worse in innovative programs without direct teaching. like USMES: (Shaun, 1976), 


or Community for Alternatives (Weber, note 2) than In traditional programs.’ 
The hypothesis of the study described in this paper -Is that direct faces 
tion activates appropriate schemes (as defined by Piaget) while exposure allows 
the subject to coordinate these schemes. Thus, direct Instruction and exposure 
affect performance but not competence (developmental level). The direct in-- 
struction employed in this study consisted of eight lecture demonstration 
sessions. Exposure consisted of 12 free choice session.during which subjects 


4 


were allowed to choose the equipment they wished to use. 
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The subject matter ahosen for this iimestlaation is sclentific reason- q 
Ing ability. In particular, the ability to recognize variables, criticize. 
experiments, and employ experimental design. Inhelder and Piaget (1958) 
have described the development of scientific reasoning during adolescence 
as proceeding from concrete to formal thought. A summary of research re- 
lated to Inhelder and Piaget's work indicated that few children reach the 
formal ‘stage and that attempts to teach scientific reasoning have been 
generally unsuccessful (Levine & Linn, in press). A-number of studies have 
‘Suggested that students learn to criticize experiments before they learn to 
design controlled experiments (Wollman, in press; Levine and Linn, in press). 

We hypothesized that lecture demonstrations of how to control variables 
would activate schemes in most 12 year old subjects which would allow sub- 
jects to criticize experiments. Free choice experiments would permit students 
to convdtnets schemes by providing the opportunity to select ta€ettactually 
meaningful experiences resulting in the ability to control experiments. 

| Treatinent 

In our previous work we have developed the Free Choice Environment (FCE) 

which allows students to choose their learning experiences (Linn, Chen & 


Thier, 1976; in press). For the present study a direct Intervention procedure 


was also developed. 

Free Choice Environment - Over 40 science activities were designed (see 
Figure 1). For each activity, specific instructions and apparatus for one 
experiment were given. Each activity can be used in a variety of ways. All 
subjects carry out the suggested experiment first. We ant Icipate that subjects 
will adapt the activity to their own intellectual level when they choose a 

‘ challenge. “Subjects are encouraged to use the same apparatus to solve one or 


more "challenges" for which no solution is given (see Figure t). There are 


6. 
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three challenges which generally range from further exploration of the appar- 


atus to des I‘gning and setting up a series of controlled experiments; Students 


are also invited to invent their own challenges. 


Insert Figure 1 
“phot here . a 
Earlier research (Linn, et. al., 1976; in press) revealed that this 
format was effective in (1) providing enough information to get students to 
explore the apparatus, and (2) providing opportunities for students to work 
at a variety of intellectual levels. 
The free choles program consisted of 12 one-hour classes. Stiderits came 
to a special room in groups of twenty. There was one adult ener oe to n 
help with apparatus and supervise. No direct teaching was done. The super- 
visor answered questions by referring to the activity directions. © 
‘eine Intervention. - A teaching program was devised to explain the con- 
cepts of actentitic reasoning. The lecture-demonstration approach was used 
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to teach.students to name variables, criticize experiments, and design con- 
trolled experiments. Siddenes were asked to propose experiments and cplitictze 
experiments. proposed by others. The direct intenveneian program consisted of 
eight 15-minute Classes. As in the free choice program, students came to a 
special room in groups of 20 to participate in the intervention. 
Procedure . 

All subjects received both free choice and fiiterventions:. Tha independent 
variable was the way free choice and intervention were combined. 

Each of the three (useide) die lironcens consisted of two three-week 


sessions separated'by a three-week break. The programs were: 


. ; q 


. 


: ’ . . : = ‘ a) 


‘1. Simultaneous Intervention and Free Choice. Students received 


intervention interspersed with free choice during the first 
session and no treatment during the second session. 
2. Free Choice-Intervention. Students received free choice only 
: during cng first session and intervention only during the second 
' session. \ 
3. Intervention-Free Choice. Students received intervention only 
auntng the first session and free choice only during the second 
* session, | 
Subjects 
There were 21 girls and 39 boys from the 150 students enrolled in sixth 
grade ina ractalty and etonowteallyiixed public school. Subjects were 
selected by teachers from: those who volunteered to participate in science. 


They were assigned to the three 20 student groups at random. 


Evaluation of Programs | 
‘ : : \ 
The dependent variable was performance on scientific reasoning tasks 
given at various points. Each task required that subjects criticize, experi- 


ments and design controlled experiments. 


t 
a 


Pretest. ‘The Pendulum Task inated frowf"Inhelder and Piaget (1958) by 
Tuddenham (1970) was used as a, pretest. . . | 

Session One Posttest. Inhelder and Piaget's (1958) Bending Rods task 
was used as a Session jie vaceeeebe Subjects. were asked to design and 
criticize experiments for each of the five variables (length of nad mate- 
rial of rod, cross-section of rod, thickness of rod, and smn of weight 
hung on rod). / 

Session One Delayed Posttest. The Ramp Task’ developed by Linn and 


Levine (Note 3) was used as a delayed posttest. This task involved three 
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variables: weight of sphere, height of release, and size of target. Sub- 
jects were asked tease and criticize experiments for the weight eiFlabte. 

Session Two Posttest. The Springs Task developed by Linn (Note 4) ‘iaé 
used as a final posttest. Subjects were asked to design and criticize ex- 
periments for three of the five variables: diameter of spring, weight hung 
from spring, and thickness of the wire. The springs also differed in length 
and material. 

Scoring. Criticizing questions were scored as correct if the subject — 
Indicated which variable was uncontrolled and described how tb improve the 
experiment. Controlling questions siete scBred as correct If the subject set 
up a controlled experiment and justified it-by saying that it was fair, equal, 
‘ateeeary to answer the question, or all but the variable being investigated 
ware the same. Details of scoring for each task were given slesuherk: Rien 
du tum ee in press); Ramp (Linn & Levine, Note 3); Bending Rods (Linn, 
et. al., 1975); and Springs (Linn, Note 4). 

Results and Discussion 

In this section we will describe the operation of the program, the re- 
liability and validity of the measures of scfentific peaventhe: and student 
performance on the measures of sclentific reasoning. 

Program Operation 

Nearly all students Indicated that they enjoyed the program and would re- 
commend it to a friend on questionnaires administered twice during each ses- 
sion. Students Sitaaias ah average. of six free choice seiatnas as recorded 
by the leader (this was probably uiddeae Cache, Attendance figures were 
‘similar for the three groups. The mean number of activity sheets (reports on 
activity and any challenges) turned varied considerably across aroups: 

The Simultaneous group turned in an average of 9.8 sheets compared to 8.0 for 


the Free Choice-Intervention group and 4.9 for-the Intervention-Free Choice 
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a hare 
group (ANOVA significant p < .01). Since attendance figures:were similar, 


' we concludé that the Intervent ion-Free Choice group averaged ‘nore time spent 

on each individual activity. Similar to: previous studies (Linn: Chen, and 

Thier, in press; Linn, Note 5), the most popular activities involved fam- 

‘Mar variables and had simple difecttons (Gcce, bouncing balls, map 

coloring, acid base testing, and tipping wooden*‘rafts). The least popular 

activities were ener cong tented (e.g., using rubber band ered pro- 4 

pellors to wind up string) or involved unfamillar variables (e.g., deter- 

ainiog which of three sealed boxes had the same Shane inside). a 
Both leaders and observers noted that saitecxs who had the tnbewention 

were more task oriented during ‘i free choice program. This is consistent ° 

"with results of other studies (e.g., Wollman and Chen’ [Note 6] reported 

that there were more behavior problems tn groups which were not given any 


cognitive-based instruction). 


tie 
Intervention Program j 


Close to 80% of the subjects -attended all eight Intervention lessons. 
The Free Choice-intervention group expressed dissatisfaction with he liter 
vention because they weren't allowed to do their own activities and radteated 
that they preferred free choice. At each lesson, ‘subject engaged in serious 


. 


discussions of the activities. that were demonstrated. 
Reliability of Tasks 

All the tests were untimed interviews. The average Intercorrelation be- 
tween the tests within groups was -49, ‘indicating that they measure similar o 
abilities. j 
Tuddenham (1970) reports that his Pendulum task Is a reliable measure. 
Case (Note 7) reports that Bending Rods and Spinning Wheels correlate .79. 
Lihn and Levine (Note 3) report that the Ramp questions correlate .65. 


For the three groups, Springs has an average split half reliability of .51. 
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While not high, these reliabilities are satisfactory for assessing group 
differences. They are typical of reliabilities for short tests (the longest 
test had ten items), administered to. areups ef similar age and abi lity ; 
(restricted range). Since lo reliability reduces the Ilkellhood of find: 
Ing group differences, any observed diiPepaices would be Intensified with 
more rellable measures... 
Malidity of Tasks . ° 

All tasks used in thts study have content waiidity in that _they ask stu- 
dents to respond to or anton exe tenes Atl the tasks were either devel- 
oped by Piaget to measure scientific peaeenind or were direct translations 


of Piagetian measures using new apiaratils: Many researchers have used these 


tasks to measure scientific reasoning (Levine & Linn, in press). 


. ae _ . e 
ae Thus, researchers agree that the tasks measure the same construct. Since 


the average intercorrelation of the various tasks is .49, it appears that the 
construct they measure is influenced by specific he ae subjects of the 
same age and general ability. Possible influences are discussed elsewhere 


(Levine & Linn, in press). aie 


Outcome of Logical Thinking Measures a eg 


ee 


The percentage of subjects. correctly answering each set of ques tions on 


‘each task is given in-Table 1. There were no consistent sex differences. 


Insert Table | 
about here 
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- Baseline '(Pendulum) . No significant group effect was found using the 


Kruskal-Wallis ANOVA test (x? = 1.07, p < .58), indicating that the three 


groups were of comparable ability prior to the educational programs. 


at ost 


Session One Posttest (Bending Rods). .No significant. group effect was 
* found for controlling (x2 = 1.68, p < .43) but a significant group effect 


was found for criticizing (x2 = 6.02, p < .05). Closer Inspection of the 

data shows that the ibervaadiGnerres Choice program was superior to ihe 3 

Free éholce-lntervention program (t = 24, p < .02). These data indieece: 

that the educational programs. had no effect on ability to control variables, ir 
‘but ee Intervention alone (Session One of the inkeventioner rex Choice) 

was superior é6: tha Free Choice ‘alone tSeeston One of the Free Chotce- 


Intervention program) in fostering ability to criticize experiments. 


Session One Delayed Posttest (Ramp). Three weeks after the first session, 


- 


subjects were asked to criticize and control variables inan experiment with 
three variables. “The pretest and this delayed posttest each involved three 
variables while the Session One ‘and ‘Session Two posttest each involved: five 
variables. The three variable tests were easier than the five variable tests 
for all groups , consistent with previous research (Wozny and Cox, Note 8). 

The three variable delayed posttest exaggerated the differences betden the 
groups and showed a sigitfteant main effect for groups on controlling three 

- varlables (x2 = 9.02, p < .01) as well as criticizing (x2 = 7s . < .05). 
Closer inspection indicated that, for controlling, PreenthidlcaWaterventian 
was signiiicantiy better than either of the other pregrams (t = 2.6, - 
p-< .01; t = 2.4, p < 02). For eeheleieg Free Choice-Intervention was 


x 


‘supertor to Intervent ion-Free Choice (t.< 2.7, p < .01). 

Session-Two Posttest (Springs). A atgotfieant qroup effect was found 
for ence variables ‘(x2 = 5.9, Pp < .05), but there is no effect for 
errekeraing experiments (x2 = .42, p < .81). Inspection of responses to the 
criticizing experiments questions indicated that all subjects improved over 
their pretest ability on criticizing and that the Intervention-Free Choice ‘ 


. group performed slightly better than the other groups. It appears that all 


e 
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the programs resulted in increased ability to recognize uncontrolled experiments 
but that only: the Intervent ion-Free Choice erogear affected abl iity to design 
controlled experiments. : Closer Inspection ‘of the data revealed that, -for . 


controlling, Intervention-Free Choice was superior to Free Choice-Interven- 


4 
Py 


“tion (t = 2.5, p< .O1). 


Relationship Between Criticizing and Controlling. Examination of\contin- 
gency tables must be tempéred with the understanding that the test reliabiI- 


ities are not overwhelmingly high. Table 2 shows the relationship between 


Insert Table 2 


controlling and criticizing. 


oe about here 
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Of the subjects who were able $6 control. on the final posttest, only two 
were unable’ to criticize on the Session One pected, while 19 subjects were 
able to criticize but not control. On the final posttest, all.but two subjects 
who, could control were able to criticize, but 16 sub jects‘ who were able to 

.-eriticize could not control (McNemar's test»p < .001). 


ty 


Thus, criticizing appears to be necessary but not sufficient for control- 
Ting. ‘he in the Intervention-Free Choice group, only 53% of the subjects 
controlled the experiments on the Session Two posttest, however, 89% of the 
subjects in this gre correctly controlled two out of three experiments on 
the final posttest. dditionally, 86% of the total sample was able to cor=. 
rectly criticize two ° ate wepek mention the final posttest. Thus the 

" Intervention program was effective in teaching most of the subjects to cri- 


tictze experiments and the Intervention followed by Free Choice taught most 


subjects to control variables in two out of three experiments. 
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Summary and Conclusions *e 


A comparison of three educational programs, each of which included the 


same components was carried out to determine the spt tnal combination of 
Intervention and free choice for teaching children certain aspects of scien- 
tific reasoning skill. The results confirm the hypothesis that subjects 
are most likely to profit fron a free choice program when they have had 
intervention satatanshte activate the schemes needed for the task. The evi- 
dence Is: ae: acai 
1]. There is a significant main effect dos wisananen criticizing 
- three variables and on donkrell ine three Variables after session 
oné. There Jae significant main effect for program. on control- 
ling five variables after session two; 


2. The Free Choice-Intervention group is superior to the Intervention-~ 


Free Choice group on criticizing with three and five variables, 


* and controlling with three variables after session one, indica- — 
ting that Intervention alone is superior to Free Choice alone. 
3. For controlling experiments with three variables Intervention is ~ 
significantly better than Free Cholce atene or Intervention plus 
Free Choice. r : é 
4, In controlling with five variables, Intervention plus Free Choice | 
Is superior to Free Choice plus Intervention. 
‘adit should be noted that the success of the Intervent ton-Freé Choice 
srearan Is consistent with the findings of our first study (Linn et. al., 
1976) where we compared our treated group to subjects who had no training. 


In this study, students learned to recognize variables but not to control 


experiments from a classroom program based on the Science Curriculum 
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improvement Study materials and learned to cont rol from the classroom program 
followed by a free choice program. Whereas the Intervention in our first 


. 


study consisted of 18 one-hour sessions, in the present study it consisted of 
elght 15-minute sessions. The work of Seigler, reac & Liebert (1973) also 
Suggests the importance of a rule plus example ioe eck for teaching students 
to do pendulum problems. 

Clearly, the mechanism involved in “activation of schemes'' is not de- 
fined by this study. Clarification will be sought by considering other 
theoret teal perspectives. Several ehanewtiaa) perspectives are relevant to 
the findings of this study, Of particular Importance are (1) Ausabel's 
theory of meaningful verbal learning, (2) the learning cycle Proposed by 
Karplus, (3) Plaget's theory of equilibration, and (4) Pascual-Leone's Neo- 
Piagetian theory. 

Ausabel's theory of meaningful verbal learning is compatible with- these 
results, but does not really add any information. Ausabel's definition of 
an advance organizer is vague - something that facilitates learning new 
material. His examples are primarily outlines or summaries to facllitate 
“earning. from prose in adults. Perhaps young children need a different kind 


of organizer. Since children, according to Piaget, are concrete they may 


' need concrete organizers. ‘Also, verbal organizers were not studied so we 
don't know that they would not work. Other studies indicate that this is un- 
likely (e.g., Hawley, 1976). The intervention sessions provide a concrete 

_ Ullustration of the concept which the students are to learn. 

. Karplus (1975) has proposed a learning cycle to combine apparatus-based 
ge ae experiences with direct instruction. Karplus conceives of the Instruction 
as Inventing categories rather diiiactivadiig schemes, but these again may be 


different names for the same phenomena. He proposes that direct Instruction 


~ 
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be Interspersed with exploratory sessions. The Simultaneous condition is. 
closest to an application of the learning cycle and should be the most effec- 
tive from this theoretical perspective. The Invention-Free Choice program 

Is consistent with the learning cycle in that faaerudetwn speeadwecREee choice 
but the intervention sequence Is longer than Karplus would recommend. - 

Piaget has argued that concrete operational thinkers are limited ‘by real 
results rather than being able to imagine all possible results. Previous 
studies have suggested that subjects tn the free choice environment behave 
like concrete thinkers (Linn, et size Te press) and performance in the 
present study was similar. The Intervention appears to activate schemes 

which enable subjects to carefully check eit the relevant variables to see- | 
that they are controlled. With this background, subjects appear to coordinate | 


i : 
the schemes and design controlled experiments when allowed to manipulate their | 


be 


ing subjects go beyond "'real'' results (gain in competence), it appears that | 


own apparatus in the free choice program. As hypothesized, rather than help- 


during the intervention subjects learn to systematically check all the cane 
vable variables (clianae in performance). 
It remains ‘to clarify why the Simul taneous program was not more effective 
e. than Free Chateaxineanentton since both Piagetian theory and the Karplus 4, 
Learning Cycle suggest that is should be at least as effective as Interven- / 
piehenies Choice. One explanation is that the task structure presented in 
the Interverition might conflict with the structure generated by the learner 
. during Free Choice, creating a conflict rather than a higher level equlll- 
brium. This might also account for findings of Kuhn and Angelev (1976). 
‘Pascual-Leone (1970) has proposed a neo-Piagettan developmental theory 
based on age-related changes in mental capacity. It may be that the Inter- 


vention program helps subjects develop problem-solving strategies which in- 


volve less mental capacity (e.g., Scardamalia, in press). 
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Results of the present study are consistent with Piagetian and neo- 
Plagetian developmental theories, although one would expect better performance 


In the Simultaneous condition from these viewpoints. As predicted by Plaget, 


, the direct intervention alone did not teach children to design controlled 


experiments. The results support the instructional theory of pieene and 

they extend these ideas to the area of apparatus-based tnantng end free’ 
choice. Rather than providing advance organizers in the sense of an Ausabel | an 
preview or summary of the instruction, however, direct duuclitiig GF stfategies 
was necessary to hate subjects learn to design experiments. \\ 

These results have some interesting inp cations for free choice ii 
open education, and informal learning. It appears that learning i these 
situations is i ee likely to take place if the learner has = given a 
general structure or alerted to the salient features of the learning s}tua- 
tion. The results suggest that Hunt-'s theory of intrinsic mot Lvat fon may be, 
at best, less general than anticipated (Hunt, 1965). Free Choice wibne was 
clearly feu effective than direct instruction, indicating that even if 
students did choose intellectually meaningful einer lance they could have 
learned more from experiences sirclvtdad by the teacher. An important find- 


» 


Ing, however, is that subjects did profit from free choice experiences after ~ 


. they had received direct instruction. This finding suggests that subjects 


need some guidance before they are likely to choose experiences which wil] 
help them learn. In this study, subjects only profit from free choice when 
they are able to criticize experiments. Also, students who have received 


direct instruction are more task oriented during learning, indicating that 
- \ 


-- structure facilitates the success of a free choice program. Examinations of 


the work of Daniels (1970) and Holt (1964) indicate that they combined direct 


instruction with student choice. The Mager and Clark (1963) finding that 
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Table 1 


Percentage of Subjects Successful 
On Each Evaluation Measure 


Free Choice- ’ Intervention- 
Group . Intervention Simul taneous Free Choice 
Ee ea ee ae eT ae a Re et ae ee a TE ah ie Oe OE OO 
. N 2 ON ON g 
Pretest ae 20 35 19 37 2002S 
Session | Posttest 
Criticizing 20 ho. = 19 58° —Ss«20 75* 
Controlling 20 25° 19 32 20235 
Session | Delayed Posttest 
- Criticizing 49 63 19, 52 20 90* 
Controlling 19 52 19° 37. 20 ° “90%* 
Session i Posttest - 
Criticizing 18 50. (19 479s 
. Controlling 18 7 19 42% 19 53* 


*Probabi lity of differences between groups occurring by chance < .05 


Probability of differences between groups occurring by chance < .0] 
. wR 
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Table :2 


Relationship Between Criticizing and Controlling 


Free Cholce-Interventlion . Simul] taneous Interventlon-Free Choice 
Pass 5 3 9 2 5 ae. 
Session | . ; 
Criticizing — a 
_ Fall 10 0 5 3 4 ; a | 
~ Pass 6 3 . 5 h "5 g 
_ Final Posttest : 
Criticizing ; 
Fall 9 nh. g a; * 1 b beth , 4 : a | 
Fall Pass ae: =o. Fadl. Paths :icigeat es” Fall Pass 
7 : ten. 4 F i 2g 
: Final Posttest Controlling - _ Final. Posttest: Controlling _. Final: Posttest Controlling 
» eo : ee SO P006lULlL ae ee . é . «2 es ee See Hig ae . . .* . . Se, oe. *s . . 
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MATERIALS 


Figure 1. 


FLYING OBJECTS 


ACTIVITY: Find two ways to get the red object to ny: to the top of the 


shaft. — e 


Flying object box. 
6 = 20 gram weights 
Red ftying object 

Blue dropping object : ta as 


DIRECTIONS 


1.. Set up the flying object system as shown. 


| Blue 


\ Red 
aN dropping flying 
‘ ' object object : 


2. Put gne weight .in the blue dropping object. ‘What Is the highest you can get 
the red flying object to go? centimeters 


3. Place another weight in tlie blue dropping’ object. What is the highest you 


can get the object to go now? centimeters. The number of weights 
placed in the dropping object is one variable which affects how high the red 
object is hurled. Ae 2 io, 


» 


4, Cont Inue experimenting with other variables until you find two ‘ways to get 


the flying object to the” top of the shaft. 
' 


5. List all the vartables which you found influenced how high the red object 
was hurled. . 


FLYING OBJECTS CHALLENGE #1: Get the red object. to fly exect ly half the 
height from which the blue object is dropped. 


Describe how you solved the challenge. 


- FLYING OBJECTS CHALLENGE #2: Make the red object go the same distance with 
‘ 3 welghts as with 1 weight. How much weight did you put in the blue 
object each time? 


FLYING OBJECTS CHALLENGE #3: How many different positions of the rod can | 
yQqu use to get the. ged object to rise 15 cm? 


_ Describe your solution to the’ chal lenge. 
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